Introduction
Self-rated health is increasingly used as an indicator in epidemiological studies 1 , chiefly due to a negative perception of health that itself consistently predicts functional decline in the elderly 2, 3 and adults 4, 5, 6 . Self-rated health has proven to be a better predictor of adult mortality than objective measurements of health status 7, 8 . Several, as yet fully understood, biological, psychological and social factors are considered in the self-rating of health 9, 10, 11 . The relationship between individual characteristics and self-rated health have been the object of studies in Brazil and in international studies 9, 12, 13, 14, 15 , but the participation of the contextual characteristics in this relationship has been little explored, especially in Brazil.
Dachs 13 analyzing data from the Brazilian National Household Sample Survey (PNAD 2002) reports that the health status ratings vary with social and economic inequalities across large regions of Brazil: self-rated health values are higher in regions with higher per capita income and percentages of people self-reported as being "white". Apart from the differences associated with income and ethnicity/color, the largest variations relate to gender, age and educational level. Barros et al. 14 
, analyzing data from Risk and Protective Factors Surveillance System for Chronic Non-Comunicable Diseases Through Telephone
Interview (VIGITEL 2009) found self-rated health was consistently perceived as being worse among women, older individuals, and in individuals that are unemployed and with lower levels of schooling. Women that lived in the North and Northeast had the greatest negative perception of their own health. For men, poor self-rated health were higher in Southeast region in relation to the South region. Over the last two decades, epidemiological and social science studies have increasingly investigated connections between individuals and their living conditions. There is considerable evidence that levels of individual health vary between contexts, such as differing neighborhoods, districts, states and countries 16, 17 . In addition to their individual characteristics, people's health can be impaired by factors relating to the neighborhood in which they live 18 .
The influence of contextual characteristics on self-rated health has been insufficiently studied 19 . In Brazil, the authors found few published multilevel studies on the subject 16, 20, 21 . Results from these studies were similar to other countries which have found that neighborhood has contextual effects on self-rated health even after adjustment for individual characteristics such as age, ethnicity/color, income, schooling, social class and health status. The many dimensions of neighborhood characteristics that are usually studied can be classified into socioeconomic (income and schooling, economic inequality) 22, 23 , physical (landscape, pollution, service infrastructure) 24, 25 , and psychosocial (social processes that influence the organization of neighborhoods) 26, 27, 28 . Poor environmental conditions usually have an adverse effect on health, increasing the chance of inhabitants' rating their health as being poor 29 . Even when different socioeconomic indicators are applied, areas that are more deprived, less affluent or with greater income inequalities return higher percentages of individuals with poor self-rated health 29, 30, 31, 32 . Physical, environmental characteristics (signs of physical disorder such as graffiti, poor public lighting, waste accumulated in the streets) 33, 34, 35 and psycho-social features (social capital) 36, 37 , collective efficacy 38 or social cohesion 34 also display an association with self-rated health, although of a lesser magnitude than socioeconomic indicators 39, 40 . In England and Scotland, physical, social and political aspects of the environment (such as high levels of unemployment, low access to private transport, poor quality of the physical environment and low levels of political engagement) were all associated with worse self-rated health 38 . In Belo Horizonte, Minas Gerais State, poor self-rated health of adults with and without comorbidity were related with perceived problems in the environment 35 .
In a multilevel study of latent variables, Franzini et al. 41 tested a model for structural equations to explain the relationship between economic indicators and multiple dimensions of a neighborhoods physical and social organization, as well as the mechanisms through which these characteristics influence self-rated health. The results showed that socioeconomic factors, such as neighborhood poverty, have direct effects on self-rated health, as well as indirect effects mediated by various psycho-social and physical aspects of the environment, such as social capital, social support, perception of racial discrimination, a climate of fear, and social and physical disorder. These results corroborate the model proposed by Wen et al. 42 , which stresses that the socioeconomic characteristics studied should not only include income levels, but also measures of neighborhood schooling levels, because these indi-Cad. Saúde Pública 2018; 34(5):e00029517 cators capture different aspects of socioeconomic conditions that may display different impacts on individual self-rated health.
At the same time as specifying factors related to self-rated health, it is also necessary to define the spatial unit of analysis framing the contextual characteristics that are to be studied. The choice of the spatial unit of analysis is critical and can influence the results of the study due to the associations identified between given characteristics and the outcomes on an individual level depend on the scale of the study and the event's prevalence varies from scale to scale. Although the term "neighborhood" is widely used to denominate spatial units of analysis, these can vary from census tracts and their aggregations, postal office areas and districts, through to municipalities and states, all based on political and administrative boundaries 43 . Little attention has been given to the need to choose a definition of "neighborhood" which, in addition to delimiting a spatial unit of analysis, makes it possible to capture the social processes being investigated, this also constitutes a social unit of analysis. In this light, when defining the unit of analysis in studies of relationships between contextual variables and individual health, it is important to consider -in addition to relative internal homogeneity in population and domicile -the political, social and economic dynamics and levels of social interaction among residents.
In order to examine the association between contextual neighborhood characteristics and selfrated health in a population of Brazilian adults in depth, this study analyzed the relationship between individual and contextual indicators and the prevalence of poor self-rated health as reported by participants in the Pró-Saúde Study, a cohort of adult Brazilian civil servants. In particular, it sought to answer two questions: (1) "How much of the variation in self-rated health can be attributed to the neighborhood, before and after adjusting for individual socioeconomic and demographic factors?" and (2) "What effects do neighborhood socioeconomic and demographic characteristics have on selfrated health after adjusting for individual characteristics?".
Methods

Study population
The individual data were drawn from the first data collection wave of the Pró-Saúde Study (1999) of a cohort of civil servants at a university in Rio de Janeiro 44 . From among the 4,030 participants (91% of the eligible population), the study analyzed data from 3,054 individuals living in the city of Rio de Janeiro, who answered the questions on self-rated health and whose home addresses were geo-coded. Each participant's home address was geo-referenced to neighborhood spatial units, using the "SIS-LOC" address location software at the health information department's geo-processing lab (Laboratório de Informação em Saúde, Instituto de Comunicação e Informação Científica e Tecnológica em Saúde, Fundação Oswaldo Cruz, Rio de Janeiro, Brazil). The participants' places of residence were distributed over 621 of the 794 neighborhoods that make up the municipality.
The neighborhood units used in this study are spatial units, acting as a reference to contextual characteristics, delimited by the SKATER (Spatial 'K'luster Analysis by Tree Edge Removal) 45 clustering algorithm and built up by clustering Rio de Janeiro City's constituent census tracts. Local neighborhood delimitation were described in a previous work according to the methodology developed by Santos et al. 43 . To define this the SKATER method was used based on socioeconomic homogeneity considering four census tract indicators (income, education, persons per household, and percentage of population in the 0-4-year age bracket) and a minimum population of 5,000 people living in each local neighborhood. The purpose of using local neighborhoods was to deal with a spatial unit of aggregated contiguous census tracts that cluster population groups that less socioeconomically heterogeneous than the administratively defined neighborhoods. The process took into account the geographic boundaries between administrative neighborhoods (a political-administrative division larger than a local neighborhood, but smaller than a borough). They display the property of being relatively homogeneous internally, yet heterogeneous as a set, in terms of selected demographic, socioeconomic indicators and in terms of living conditions in the 2000 population census 46 . The boundaries of these neighborhoods accompany Rio de Janeiro's major geographic barriers and borough boundaries. Variables analyzed
• Dependent variable
The dependent variable was self-rated health, as obtained from responses to the question: "Overall, as compared with people of your age, how do you rate your own health status?", with the following response options: very good, good, average or poor. For the purposes of these analyses, the answers were re-grouped into two categories: poor (average and poor) and good (good and very good) selfrated health.
• Independent individual variables
The individual characteristics studied were demographic (sex, age, self-declared ethnicity/color 12, 13, 14 as categorized by Brazilian Institute of Geography and Statistics, and marital status) and socioeconomic (schooling and per capita family income in minimum wages -MWs), as well as health-related habits and characteristics (physical activity, smoking and body mass index -BMI) and any chronic disease reported (when participants reported having been told by a physician that they suffered from high blood pressure, diabetes mellitus, emphysema, chronic bronchitis or any form of rheumatism).
• Neighborhood context-related independent variables
The study examined two characteristics of the neighborhood of residence, built up from the 2000 population census data 46 : (1) living conditions, as proxy indicated by the average number of dwellers per household; and (2) socioeconomic status, as given by the mean nominal income of those responsible for the household (in MWs: BRL 151.00 or approximately USD 100.00) and categorized in tertiles, and the mean years of schooling completed by those responsible for the households.
Statistical analysis
Initial analysis was performed through a non-hierarchical logistic regression model for the individual-level variables. At this stage, the variables were analyzed jointly in the model; those that failed to display statistical significance at a 95% confidence level were not retained in the final model. Later analyses were conducted using hierarchical models in which the 3,054 individuals constituted the first-level units and the 621 neighborhoods, the second-level units. A random-intercepts logistic model was used to analyze the association between variables and the binary outcome (self-rated health dichotomized as poor or good) 47 .
The outcome variability attributed to the neighborhood-context level was assessed by the variance partition coefficient (VPC), obtained from a hierarchical logistic model fitted for only the intercept ("empty" model). Subsequently, neighborhood characteristics were successively entered into the model. Having maintained the contextual variables that displayed statistical significance at a 95% confidence level, the groups of individual variables defined by demographic, socioeconomic, health-related habit and chronic disease characteristics were gradually incorporated, allowing the parameters estimated for the neighborhood characteristics to be adjusted for individual characteristics. Statistical analyses were performed using the Stata (StataCorp LP, College Station, USA) software package and the map was produced with MapInfo (MapInfo Corp., New York, USA).
Results
The global prevalence of poor self-rated health was of 17% (14% for men and 19% for women). The highest prevalences of poor self-rated health were seen among non-white female participants aged over 50 with a per capita income of less than 4 MWs and schooling up to primary education completion. The association between self-rated health and marital status varied for men and women: prevalence of poor self-rated health was higher for married men and for separated or widowed women. As
Cad. Saúde Pública 2018; 34(5):e00029517 regards to health-related habits, the highest prevalences of poor self-rated health were seen among participants who did not engage in physical activity, smokers, and those with a BMI of more than 30kg/m 2 . Prevalence of poor self-rated health was also higher among participants who reported chronic disease. In terms of neighborhood income-level categories, the highest prevalences of poor self-rated health were found among residents of neighborhoods in the lower income tertile ( Table 1) .
The distribution of study participants' domiciles in their respective neighborhoods in Rio de Janeiro City varies widely (1 to 46). The number of participants in each neighborhood was averaging 4.8 individuals per neighborhood. Table 2 summarizes the estimates for the random components of the various multilevel regression models. Note that in the "empty" model (1), which considers only the degree of variation of the outcome attributed to the distribution of the individual responses (1 st level) in the neighborhood spatial units (2 nd level), little of the variation (3.5%) can be attributed to the neighborhood level. The variations in outcome between neighborhoods were not statistically significant in the empty model, not even after incorporating neighborhood characteristics and adjusting for individual characteristics. When mean neighborhood income was incorporated (model 2), the variation attributed to the neighborhood diminished to 0.2% and, in model 3, which included the mean number of people per household in the neighborhood, it became negligible. The average number of years' schooling in the neighborhood was not included, since it was not significantly associated with self-rated health.
As both the neighborhood and dimensions of individual characteristics were incorporated into the model, the overall variance in self-rated health could be better explained, especially so when the individual-level variables were included. Table 3 shows the fixed-effects results with odds ratios (ORs) estimated for each of the variables included in the models and their respective 95% confidence intervals (95%CI).
Model 2 showed that mean neighborhood income level is associated with poor self-rated health. Residents in neighborhoods in both lower and intermediate income tertiles were more likely (96% and 68%, respectively) to self-rate their health as poor than those living in neighborhoods in the upper income tertile. Model 3 showed that residents in neighborhoods where households averaged more than 3 people were 1.6 times more likely to self-rate their health as poor than those in neighborhoods with fewer members per household.
Model 4, which incorporated the individual demographic characteristics, the odds of poor selfrated health associated with contextual variables decreased slightly, and it should be noted that the association of self-rated health with mean neighborhood income in the lower tertile loses statistical significance. Marital status was not included in this model as it showed no association with the outcome in the univariate analysis. In model 5, the inclusion of individual socioeconomic characteristics (schooling and income) had a substantial impact on the other estimated coefficients, both for neighborhood characteristics and for individual demographic variables.
Model 6 incorporated chronic disease and the set of health-related habits, so that all groups of individual characteristics were then considered, together with the neighborhood characteristics. Although age categories had displayed no significant association with the outcome, they were retained to adjust the other characteristics. This complete model showed that women were 48% more likely than men, and black individuals were 35% more likely than white individuals, to rate their health as poor. People with individual income from 2 to 4 MWs were 35% less likely to report poor health than those with higher incomes (over 6 MWs). Particularly striking was the much greater likelihood of individuals with incomplete primary education reporting poor health (almost 5 times higher than individuals with a post graduate degree). Similarly, individuals who had completed primary education were 76% more likely to report poor health. Smoking, lack of physical activity, obesity and the presence of chronic disease were all associated with poor self-rated health.
Although adjusting for individual characteristics weakened the associations between neighborhood characteristics and self-rated health, these were still statistically significant. This finding indicates that the degree to which individuals with similar characteristics are likely to self-rate their health as poor depends on the characteristics of the neighborhood where they live. When all the individual characteristics studied are considered, people living in neighborhoods with a middle income tertile contextual profile are 34% more likely to self-rate their heath as poor than those living in neighborhoods in the upper income tertile. Likewise, residents of neighborhoods with more numerous house- 
Table 3
Fixed parameters of multilevel regression models for poor self-rated health. Pró-Saúde Study (1999), Rio de Janeiro, Brazil, neighborhoods (2000). holds (averaging more than 3 people per domicile) are 50% more likely to self-rate their health as poor. Note that, after adjusting for average number of members per household in the neighborhood (model 3) and individual characteristics (models 4, 5, and 6), residents of neighborhoods in the lower mean income tertile were no more likely to self-rate their health as poor than those in upper average income tertile (reference) neighborhoods. Table 4 shows the distribution of mean individual income and other neighborhood characteristics by neighborhood income level category. Note that individuals in the study population resident in lower-income neighborhoods had higher mean individual incomes than the mean for their neighborhood. The same did not occur in neighborhoods in the other income categories. The mean incomes of individuals in this study living in medium-income and higher-income neighborhoods were lower than the mean for their neighborhood. 
Characteristics
Model 2
Neighborhood mean income only
Model 3
Neighborhood
Discussion
This study presents evidence of associations between neighborhood contextual factors and poor selfrated health, even after adjustment for several individual variables. However, the largest portion of variation in self-rated health is found at the individual level, leaving less than 3.5% to be attributed to the neighborhood context as defined in this study.
Firstly, in models with no individual-level variables, neighborhood income level and number of members per household displayed strong associations with poor self-rated health. As the set of individual characteristics were incorporated, these associations were attenuated. Nonetheless, the associations between neighborhood characteristics and poor self-rated health remained statistically significant, even in the full model that included the individual demographic, socioeconomic, healthrelated habit and chronic disease characteristics.
In the full model, a strong relationship was found between income level and individual schooling, sex and ethnicity, and poor self-rated health. Health-related habits and chronic disease also showed strong association with poor self-rated health. These variables have all been widely described as determinants of self-rated health 12, 14, 28, 35, 48 .
The OR estimates showed significant variation in self-rated health related to neighborhood income level and average number of members per household, which cannot be fully explained by compositional individual factors, including individual per capita income, schooling, age, sex, skin color/ethnicity health-related habits and chronic disease.
Review studies 15, 49 have identified a number of investigations showing that contextual socioeconomic characteristics play a relatively small role in determining individual self-rated health (unlike other health outcomes, such as those related to violence). In any case, after adjusting for a series of individual characteristics, there is evidence that neighborhood socioeconomic and living conditions have independent effects on self-rated health.
Similar effects, related to the impact of neighborhood affluence and income inequality on the likelihood of individuals' reporting poor health have been found in studies in Chicago, USA 50 . One criticism of the validity of results from multilevel studies of health is an alleged trend in the literature towards attributing contextual differences in health to "omitted" compositional individual factors 40 . In this study, several dimensions of individual characteristics were incorporated into the multilevel models so as to permit comprehensive adjustment, including health-related habits and chronic disease, which are often disregarded in studies on the subject 29, 51 . In this respect, the possibility should be considered that the analyses performed here may have excessively attenuated the association between neighborhood contextual factors and self-rated health, precisely due to the inclusion of individual health-related habits and chronic disease characteristics, for which no dimension of cor-Cad. Saúde Pública 2018; 34(5):e00029517 related measurement at the neighborhood level was considered in this study and which probably represent instances of proximal determination, since they are themselves partly determined by social, contextual factors 35, 52 .
It is now well established that contextual factors influence the development of individual habits that can be favorable or harmful to health, especially those related to smoking, physical activity and food habits 32 . Higher levels of deprivation and inequality in living conditions are generally associated with unhealthy diets, smoking, being overweight, as well as obesity and physical inactivity 41 . Also certain contextual factors, such as social cohesion and social support, are important mediators of the role of both contextual and individual socioeconomic characteristics in determining health outcomes 19 . There is evidence that neighborhood psycho-social characteristics can mediate the adverse effect of having a chronic disease and attenuate the impact of such conditions on poor self-rated health 53 . A number of studies report significant effects of environmental, social and physical contextual characteristics being perceived as potential mediators in the association mechanism between contextual socioeconomic characteristics and self-rated health 34, 37, 43, 54 .
In this study, the neighborhood context dimensions investigated were restricted to socioeconomic and living condition factors, which may have entailed underestimation of the contextual component of variation in self-rated health, as the physical and psycho-social neighborhood characteristics were not investigated and their contribution to variation in self-rated health may have been attributed to individual health-related habits and chronic disease.
The results showing that neighborhood income level is associated with poor self-rated healthalthough not displaying a rising gradient from the lower to the medium level after adjustment for individual characteristics -are consistent with other studies 55 . Overall, socioeconomically less wellendowed areas have poorer physical and service infrastructures characterized by an under-supply of services (including health services), public transport and leisure areas.
The overall pattern of indicators for the study population, which differs from the general population in their neighborhoods, may have contributed to the fact that their residing in a lower-income level neighborhood did not entail a greater likelihood of poor self-rated health, after adjustment for the other individual and contextual characteristics. We consider that this study population, which lives in low-income neighborhoods, is better placed socio-economically than the overall population of poor areas in Rio de Janeiro City. As it is a population of university workers, all of whom are in employment, wage-earning and benefit from an institutional structure that offers direct or indirect social benefits that are not available to a significant portion of the population of their neighborhoods. In addition, some studies show that low-income populations may hold lower expectations for their health and self-rate their health as better than that of the higher-income population 23, 40, 41 .
Our decision to aggregate health self-ratings into two categories for purposes of analysis facilitates comparison between its results and others already published, but potentially detracts from the informativeness of the original responses obtained on an ordinal scale. However, as compared with the binary outcome model, studies that have analyzed this outcome as an ordinal variable did not show substantial differences in the estimates of coefficients for the independent variables studied 29 .
A major limitation of studies (such as ours) that were not specifically designed to assess contextual effects is the small sample size within groups (neighborhoods). In our study, approximately 80% and 95% of the neighborhoods had less than 8 and 14 participants, respectively. For binary outcomes with low prevalences (< 10%), a minimum group size of 50 participants with a minimum of 50 groups is recommended to produce valid estimates 56 . In our study, with around five people per neighborhood and more than 600 neighborhoods, one should not expect substantial bias in the fixed effect estimates, but the estimates of the random intercept are probably overestimated. Therefore, any inference on the variation of the outcome that could be attributed to neighborhood should be made with caution.
Self-rated health measures individuals' perceptions of their own health statuses and can be correlated to personal expectations on health. These expectations can pose problems in developing countries like Brazil, where low-income individuals have a lower tendency to rate their health as poor due to their lower health expectations 12, 14 . However, the predictors of individual self-rated health investigated in this study displayed the expected intensity and direction, consistent with evidence already established by other studies 19, 28, 35, 57 .
Cad. Saúde Pública 2018; 34(5):e00029517
The measures of random components in multilevel models provide information on the portion of overall variation in the outcome that can be attributed to place of residence, enabling the statistical estimates to be adjusted by identifying clusters of individuals in the areas 58 . Complementarily, the estimates of fixed components enable relationships to be identified between specific characteristics at both the neighborhood and individual levels and the outcome in the issue 59 : self-rated health.
In this study, although the total variance in individual self-rated health was not substantially explained by the neighborhood contextual level, there was a statistically significant association between neighborhood socioeconomic and living condition characteristics and poor self-rated health, even after considering individual characteristics.
Final remarks
The study of subjective evaluation of health status, a simple measure that is easy to obtain, contributes to analyses of the effects of socioeconomic inequalities at both individual and contextual levels on the health situation. However, it is important to investigate more robust health status indicators, by studying objective health outcomes, morbidity and mortality, in order to advance in understanding how neighborhood socioeconomic structure affects other health outcomes.
This study was conducted in a specific population whose profile is different from the overall population, in that all the participants are employed and a considerable portion of them are in higher individual income brackets and have higher (undergraduate and postgraduate) education levels. Accordingly, the validity of the evidence found is restricted to populations with similar profiles. The participation of neighborhood contextual factors in self-rated health may be underestimated as compared to the city's overall population.
The number of individuals in each neighborhood who participated in the Pró-Saúde Study is not guaranteed to be representative of the population residing in the neighborhood, as sampling was not population-based. There is also major variation in the number of participants in each neighborhood. Despite this constraint, the study constituted substantial progress in terms of the ability to capture the contribution of contextual factors in the health of participants in the Pró-Saúde Study. In a previous study conducted by Tassinari et al. 60 , and which investigated contextual determinants of self-rated oral health, the variability relating to the neighborhood contextual level disappeared when the model was adjusted for individual factors, and the contextual characteristics showed no association with the outcome studied. The administrative neighborhoods (bairros) of Rio de Janeiro City contain very heterogeneous populations that vary widely in number, socioeconomically speaking 43 . This heterogeneity makes it difficult to differentiate contextual factors, because it causes measurements of these factors to regress towards the mean, diluting the impact of the associations that are consequently subsumed. The use of "local" neighborhood -a spatial unit that aggregates populations whose collective profile is more homogeneous both in socioeconomic terms and in population size -as the contextual unit of analysis made it possible to capture the associations between contextual factors and self-rated health.
The contextual effects of socioeconomic factors on health have been studied at various macrolevels. Given the complexity of living conditions in large urban centers, it is fundamentally important to expand investigation of the impacts of contextual factors on health at the intra-municipal level.
The results of this study encourage research into the mechanisms that connect neighborhood socioeconomic characteristics to health. Besides the participation of socioeconomic determinants, indicators of neighborhood physical and psycho-social dimensions should also be investigated. Expanding research into neighborhood contextual characteristics based on integral variables (and not only those derived from population counts) can also contribute to the better capturing of contextual characteristics. It is hoped that in future studies it will be possible to investigate in greater depth how, for example, quality of living environment, resources available in the neighborhood and residents' social organization may affect health outcomes. 
